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Abstract

Growth-promoting implants lead to increased muscle accretion in ruminants. To elucidate the e�ects at a cellular level, muscle
®ber distribution and cross-sectional area (CSA) of longissimus (LM) and semitendinosus (ST) muscles were compared in implanted
and control steers. Sixty-four Charolais steers were assigned to one of four treatments (16 steers/treatment): (1) no implant, (2)

Synovex-S1 (estradiol benzoate+progesterone), (3) Ralgro1 (zeranol) or (4) Revalor-S1 (trenbolone acetate+estradiol-17b). The
experiment was carried out using four slaughter groups (SGRP). Sixteen steers each were slaughtered after 48, 104, 160 and 175
days (four steers/treatment) on trial. Steers on an implant treatment were ®rst implanted at 15 months of age (day 0) and re-

implanted at 56 and 112 days. Muscle ®bers in the LM and ST (for both live biopsy and post-mortem samples) were characterized
as either slow-twitch oxidative (SO), fast-twitch oxidative-glycolytic (FOG) and fast-twitch glycolytic (FG) ®bers. Fiber distribution
was minimally a�ected by SGRP in these physiologically mature steers. Implantation with Synovex did not alter ®ber distribution

in either muscle compared with control steers. Both Synovex-implanted and control steers showed a decrease of FG and an increase
of FOG ®bers in the LM from day 0 to SGRP 2 followed by an increase of FG and a decrease of FOG ®bers. Ralgro- and Revalor-
implanted steers had an almost constant ®ber distribution in the LM throughout the experiment resulting in higher precentages of
FG ®bers in SGRP 2 (P<0.05) than SYN or CON steers. Biopsy samples of the LM muscle which were excised 51 days (SGRP 1±

3) or 65 days (SGRP 4) before slaughter proved to be suitable for the determination of ®ber distribution in live animals. Fiber area
increased in post-mortem samples of both muscles from SGRP 1±3 in all treatment groups followed by a plateau. Implantation with
Revalor led to an additional increase in ®ber area from SGRP 3 and 4 (P<0.05). Synovex did not a�ect ®ber area compared with

control steers whereas Ralgro and Revalor implants led to larger ®bers in SGRP 3 and 4, respectively. It can be concluded that
some growth-promoting implants result in noticeable di�erences in muscle hypertrophic responses which coincide with their dif-
ferent e�ectiveness to enhance lean mass accretion. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Muscle growth is most important for lean mass
accretion in meat producing animals. Muscle accretion in
ruminants as well as overall growth rate and feed conver-
sion e�ciency can be improved using growth-promoting

agents (Hunt, Henricks, Skelley & Grimes, 1991; Rum-
sey, Hammond & McMurtry, 1992; Schmidely, 1993).
Postnatal muscle growth at the cellular level is primarily
due to muscle ®ber hypertrophy because the total ®ber
number is ®xed at or soon after birth (Pearson, 1990).
Muscle ®ber population and muscle ®ber growth can

be in¯uenced by hormonally active compounds (Vig-
neron, Dainat & Bacou, 1989). The e�ects are largely
dependent on the hormone sensitivity of the particular
muscle being investigated. Limited information is avail-
able on the e�ects of steroid hormones on ®ber char-
acteristics in cattle. Bulls, which produce high levels of
testosterone, generally have larger muscle ®bers than
steers (Clancy, Lester & Roche, 1986; Dreyer, Naude,
Henning & Rossouw, 1977; Ockerman, Jaworek, van
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Stavern, Parret & Pierson, 1984). Bulls have also been
reported to have a higher percentage of FOG ®bers
accompanied by a lower percentage of FG ®bers in the
longissimus (LM) muscle than steers have (Clancy et al.;
Young & Bass, 1984). Compared with heifers, steers
have been shown to have higher percentages of SO
®bers and lower percentages of FG ®bers in the LM
(Johnston, Moody, Boling & Bradley, 1981). However,
other authors (Cornforth, Hecker, Cramer, Spindler &
Mathias, 1980; Sink, Turgut & Mann, 1985) did not
observe sex di�erences in ®ber distribution.
Only few publications address the e�ect of exogenous

sex hormones or their analogues on muscle ®ber char-
acteristics of steers. Ono, Solomon, Elsasser, Rumsey and
Moseley (1996) observed an increase of FG ®bers and a
decrease of FOG ®bers in the supraspinatus and rectus
femoris but not in the LM and ST muscle of growing
steers implanted with Synovex. The only e�ect on ®ber
area was for SO and FG ®bers of the psoas major mus-
cle. Hughes, Schelling, Garber, Eastridge, Solomon and
Roeder (1998) reported an increase in number and CSA
of FG ®bers and a decrease of SO ®ber percentage in the
LM of Angus crossbred steers (BW 585 kg) implanted
with Revalor. All three ®ber types increased in CSA in
the supraspinatus muscle of the implanted steers versus
the controls (Hughes et al., 1998).
The aim of the present study was to compare the

e�ects of three US approved anabolic implants (Syno-
vex-S1: estradiol benzoate+progesterone, Ralgro1:
zeranol, Revalor-S1: trenbolone acetate+estradiol-
17b) on muscle ®ber populations and muscle ®ber
hypertrophy in ®nishing steers. Our interest focused on
the question if and/or how anabolic implants enable
physiologically mature steers to enhance lean tissue
accretion at the cellular level. Furthermore, we were
interested in comparing the accuracy of samples
obtained through a biopsy device on the live animal
with that of excised muscle samples obtained post-
mortem.

2. Materials and methods

2.1. Animals

Sixty-four Charolais steers were randomly assigned to
one of four ear-implant treatments (TRT); control
(CON, no implant), Synovex-S1 (SYN: 200 mg pro-
gesterone and 20 mg estradiol benzoate), Ralgro1

(RAL: 36 mg zeranol) or Revalor-S1 (REV: 120 mg
trenbolone acetate and 24 mg estradiol). Steers assigned
to an implant treatment were ®rst implanted at 15
months of age (300 kg body weight, day 0). The steers
used in the present study were part of a larger study
which had a protocol requiring steers to be from Char-
olais breeding and at approximately 1.5 years of age at

slaughter (Rumsey, Fritsche, Elsasser, Solomon,
Mitchell & Kahl, 2000; Solomon & Berry, 2000). Six-
teen steers (4 per TRT) were slaughtered 48 days after
the ®rst implantation: slaughter group one (SGRP 1). The
remaining steers assigned to an implant treatment were
reimplanted 56 days after the ®rst implantation. Sixteen
steers (4 per TRT) were slaughtered 48 days after the
second implantation (SGRP 2). The remaining steers
assigned to an implant treatment were reimplanted 56
days after the second implantation. Sixteen steers (4 per
TRT) were slaughtered 48 days after the third implan-
tation (SGRP 3). The remaining 16 steers (SGRP 4)
were slaughtered 15 days after SGRP 3. The design of
the study is illustrated in Table 1.
All steers were fed ad libitum amounts of a diet con-

taining 30% silage (corn/grass: 50/50) and 70% con-
centrate (corn grain, soybean meal, cottonseed hulls,
wheat straw, molasses, salt, minerals) from 2 weeks
before day 0 of the study until 48 days prior to slaugh-
ter. Each steer during its respective period before
slaughter was fed equal amounts of feed that allowed
the control steers to gain 1.25 kg/day. (As part of
another study, each steer, just before its slaughter, was
challenged with thyrotropin releasing hormone and
growth hormone releasing hormone to determine pitui-
tary sensitivity to releasing growth hormone and thyr-
oid stimulating hormone.)

2.2. Tissue collection

Biopsy samples (cylindrical bioptate, approximately
5�0.5 cm) were collected from the steers from the lumbar
region (20 cm anterior to pin bone, 4 cm lateral from
midline) of the longissimus muscle (LM) and from mid-
length (approximately 15 cm distal from the ischiatic
tuber) of the semitendinosus muscle (ST) midway
between the semimembranosus and biceps femorismuscles.
Biopsy sampling was performed 3 days before the last
implantation of each SGRP (i.e. 3 days before the ®rst
implantation in SGRP 1, 3 days before the second
implantation in SGRP 2, and 3 days before the third
implantation in SGRPs 3 and 4). The samples were
taken with the biopsy device developed by SchoÈ berlein
(1976) set at a sampling depth of 6 cm. The instrument
is an adaptation of a stunning gun and uses blank car-
tridges to drive a cannula with a precise cutting edge
into tissues. A cylindrical plug of bioptate (skin+sub-
cutaneous fat+muscle) of up to 2 g wet weight is
removed from the live animal by means of a tissue
retractor in less than 1 s. This technique provides muscle
tissue samples with acceptable quality for morphologi-
cal analyses while imposing only minimal stress to the
steers and no need for anaesthesia (Cheah, Cheah &
Just, 1997; SchoÈ berlein, 1989). This technique has been
successfully utilized for pigs (SchoÈ berlein, 1989; Scholz,
Mitchell, Solomon & Wangs, 1998) and calves (Vann,
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Althen, Smith, Veenhuizen & Smith, 1998; Wegner &
SchoÈ berlein, 1984) with complete wound healing after
20 days.
The steers were slaughtered at the USDA abattoir

(inspection No. 68) at Beltsville (MD) according to the
guidelines of the Beltsville Animal Care and Use Com-
mittee and Food Safety Inspection Service humane
slaughter procedures on days 48, 104, 160 and 175 of
the experiment. Postmortem (pm) samples (5�1�1 cm)
were excised from the LM and ST within 1 h after
slaughter from the opposite side (of the biopsy samples)
with an attempt to align corresponding locations and
depths as the biopsy samples. Both biopsy and pm
samples were restrained to a ¯at stick using twine
(minimize muscle sample contraction), coated with talc
powder and immediately frozen in liquid nitrogen.
Samples were stored at ÿ70�C in an ultra-low freezer
until histochemical analysis. Biopsy samples were not
restrained to the ¯at sticks at precise measurements of
the exised samples the way pm samples were. Therefore,
the contraction of muscle ®bers was not controlled and
bioptates were not used for CSA measurements. Con-
traction of muscle ®bers after shot biopsy sampling has
been reported to increase ®ber diameter/area by 10 mm
in ST muscle (compared to samples taken 24 h pm,
Wegner & SchoÈ berlein, 1984).

2.3. Histochemical analysis

A 1 cm3 specimen of tissue was removed from each
frozen sample and cut into 10 mm thick cross-sections at
ÿ17�C using a Cryostat 2800 Frigocut-E (Reichert-
Jung, Cambridge Instruments, New York). Sections
were allowed to air-dry for 30 min then stained accord-
ing to the procedure of Solomon and Dunn (1988) for
bovine skeletal muscle. Muscle ®bers were classi®ed into
three types (SO: slow-twitch oxidative, FOG: fast-twitch
oxidative-glycolytic, FG: fast-twitch glycolytic) on the
basis of stain reactions (Peter, Barnard, Edgerton, Gil-
lispie & Stempel, 1972). Photomicrographs from the
stained muscle sections were used to determine muscle
®ber distribution and cross-sectional area of each ®ber
type. Fiber type percentage was calculated counting an
average of 424�153 cells photographed at 2±4 di�erent
locations within the muscle sections. Fiber area of at

least 30 cells per ®ber type (average: 74�25 cells/type)
was measured with a Zeiss Interactive Digital Analysis
System (Carl Zeiss, New York).

2.4. Statistics

Data obtained for LM bioptates, postmortem LM, ST
bioptates and post-mortem ST of steers were analyzed
separately using the General Linear Model procedure
(SAS, 1990) with TRT and SGRP as main e�ects and
the TRT�SGRP interaction. The analysis of variance
(GLM) results are shown in Table 2. Appropriate group
means were compared using the least signi®cant di�er-
ence. Additionally, least square means of bioptates were
compared to their corresponding postmortem samples
using analysis of variance (GLM).

3. Results and discussion

3.1. Introductory remarks

The present study provides information on the in¯u-
ence of growth-promoting implants on the ability of
physiologically mature steers (15±22 months) to accrue
muscle mass in the LM and ST at the cellular level. The
selected histochemical analysis allows the monitoring of
functional (slow-twitch vs. fast-twitch) and metabolic
(oxidative vs. glycolytic) properties of muscle ®ber cells
as well as their radial growth. The ®ber types (SO,
FOG, FG), according to Peter et al. (1972), correspond
to the following ®ber types based on di�erentiation of
myosin isoforms. SO ®bers are identical to type I ®bers.
In bovine ST, FG ®bers correspond to IIB ®bers and
FOG ®bers to IIA+IIAB ®bers (Jurie, Picard & Geay,
1998) whereas in LM, FG ®bers correspond to
IIB+IIAB and FOG ®bers to IIA ®bers (Picard, Duris
& Jurie, 1998). This implies that immunohistochemi-
cally classi®ed type IIA and IIAB ®bers show di�erent
metabolic pro®les in di�erent muscles (Picard et al.,
1998). Fibers containing myosin heavy chain (MyHC)
IIX have not yet been detected in bovine species (Jurie
et al., 1998). The percentage of IIC ®bers (containing
MyHC IIA and I) in adult bovine muscles is relatively
small (0.5±5%, Jurie et al., 1998).

Table 1

Design of the animal experiment (n=number of animals, LM=Longissimus muscle, ST=Semitendinosus muscle, pm=postmortem)

No implant Synovex Ralgro Revalor

Slaughter group (SGRP) n Samples n Samples n Samples n Samples

SGRP 1 (1 implantation, slaughter: 48 days) 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm

SGRP 2 (2 implantations, slaughter: 104 days) 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm

SGRP 3 (3 implantations, slaughter: 160 days) 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm

SGRP 4 (3 implantations, slaughter: 175 days) 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm 4 LM/ST biopsy/pm
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There were no implant by feeding period or age
interactions for carcass merit data (Rumsey et al., 2000)
suggesting that the di�erent implants had similar pat-
terns of response over time on feed. Carcass merit
results (not in tabular form), which give some indication
of carcass lean yield showed that the greatest response
to the ear implant products used in this study occurred
during the ®rst feeding period and that the combined
androgen-estrogen formulation of Revalor gave the
strongest response in carcass lean growth compared to
the estrogenic implant formulations (Synovex and Ral-
gro). Longissimus muscle area (REA, cm2), a carcass
merit trait were as follows: SGRP 1 REA=Control
63.1, Synovex 67.9, Ralgro 61.6, Revalor 73.7; SGRP 2
REA=Control 76.6, Synovex 74.2, Ralgro 73.6, Revalor
84.2; SGRP 3 REA=Control 72.2, Synovex 78.5, Ralgro
83.9, Revalor 87.4; SGRP 4 REA=Control 76.5, Synovex
85.5, Ralgro 80.5, Revalor 84.6. Subcutaneous fat thick-
ness measurements (FT, cm), a carcass merit trait were
as follows: SGRP 1 FT=Control 0.23, Synovex 0.28,
Ralgro 0.20, Revalor 0.23; SGRP 2 FT=Control 0.51,
Synovex 0.53, Ralgro 0.53, Revalor 0.36; SGRP 3
FT=Control 0.84, Synovex 1.09, Ralgro 0.79, Revalor
0.99; SGRP 4 FT=Control 0.89, Synovex 1.04, Ralgro
1.12, Revalor 1.02.

3.2. In¯uence of implant treatment and time on feed on
®ber distribution

Using physiological mature steers proportions of SO
and FOG ®bers were on average 20±30% and FG ®bers
45±55% in the LM throughout the experiment (Table
3). These results are in agreement with published values
for slaughter-weight steers (e.g. Hunt & Hedrick, 1977:

29% SO, 25% FOG, 46% FG). No change in SO per-
centage over time on feed could be observed in the LM
of any of the TRT groups. However, there seems to be a
conversion between the two types of fast-twitch ®bers.
Although the FG percentage did not change sig-
ni®cantly with age in the LM of all implant groups, a
temporary decrease (SGRP 2) was observed in the con-
trol steers (Fig. 1) accompanied by an increase of FOG
®bers (Fig. 2). After that the percentage of FOG ®bers
decreased from SGRP 2 (19 months of age) to SGRP 3
(21 months of age) in the CON steers. These changes
were not observed in RAL- and REV-treated steers
which lead to higher FG and lower FOG percentages in
these steers compared to CON steers in SGRP 2. One of
the main active ingredients in REV is trenbolone which
has glucocorticoid antagonist properties. Corticoster-
oids have been shown to decrease fast ®bers (type IIB)
and increase intermediate ®bers (IIA) in rat muscles
(Nava et al., 1996). Hughes et al. (1998) similarly found
higher FG proportions in LM of REV-treated steers
(BW 585 kg) compared with control steers but at the
expense of SO ®bers. Synovex had no e�ect on ®ber
distribution in our experiment, nor was a response from
Synovex implantation observed by Ono et al. (1996) in
LM and ST ®ber distribution of growing steers.
Although the contractile di�erentiation of muscle

®bers is practically complete in the early postnatal life of
cattle (Geay & Picard, 1995), muscle ®bers can react to
a variety of signals including hormonal signals with
transformation from fast to slow or vice versa. This
transition proceeds stepwise by myo®brillar protein iso-
form exchanges through changes in gene expression
(Adams, Mather, Baldwin & Dudley, 1993; Carpenter,
Greaser & Cassens, 1987; Pette & Staron, 1997). During
growth of steers, a shift from oxidative to glycolytic
®bers has been observed (Spindler, Mathias & Cramer,
1980: biceps femoris, 1±11 months, Vann, Althen, Solo-
mon, Eastridge & Veenhuizen, 1998: ST, 3.5±7 month,
Cornforth, Schwarz & Cramer, 1973: biceps femoris and
LM, 90±550 kg) although some authors detected an
increase in SO ®bers in some muscles (Johnston et al.,
1981: LM, 7±10 months) while others indicated no
changes with age (Cornforth et al., 1980: biceps femoris,
40 kg to slaughter weight, Sink et al., 1985: ST, 8±20
months). Changes in metabolism do not necessarily
have to be accompanied by alterations in the myo®-
brillar system (Pette & Staron, 1997). Solomon, West
and Hentges (1986) monitored ®ber distribution in LM
of Angus and Brahman bulls from 60 to 100% physio-
logical maturity. The percentage of SO ®bers increased
as physiological maturity increased from 60 to 80%
followed by a plateau. The percentage of FOG ®bers
decreased continually from 60 to 100% maturity
whereas FG% increased. This transformation from the
smaller FOG to the larger FG ®bers was suggested to
contribute to muscle enlargement.

Table 2

Main e�ectsa and their interactiona on percentage and cross-sectional

areas of slow-twitch oxidative (SO), fast-twitch oxidative-glycolytic

(FOG) and fast-twitch glycolytic (FG) muscle ®bers in post-mortem

Longissimus (LM) and Semitendinosus (ST) muscles of steers (biopsies

in brackets; TRT: treatmentb, SGRP: slaughter groupc)

Fiber percentage Cross-sectional area

SO FOG FG SO FOG FG

LM

TRT ns (ns) ns (*) ns (ns) ns ns ns

SGRP ns (ns) ** (***) ns (**) *** *** ***

TRT�SGRP ns (ns) ns (ns) ns (ns) * * ns

ST

TRT ns (ns) ns (ns) * (ns) ** ns *

SGRP *** (ns) ns (ns) *** (*) * * ***

TRT�SGRP ns (ns) ns (ns) * (ns) * * *

a Probability of e�ect: ns=not signi®cant (P>0.1), *P<0.1,

**P<0.01, ***P<0.001.
b Treatments: no implant, Synovex, Ralgro, Revalor.
c Slaughter groups: SGRP 1, SGRP 2, SGRP 3, SGRP 4.
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The results in the ST muscle (Table 4) were incon-
sistent because post-mortem samples of ST showed a
high variability in ®ber distribution, especially with
regard to SGRP 1 where signi®cantly higher percen-
tages of SO ®bers and lower percentages of FG ®bers (in
SYN steers: FOG) were calculated. Proportions of SO
®bers were 18±23% in SGRPs 2±4 (SGRP 1: 30±40%),
FOG 20±33% in all SGRPs and FG 45±60% in SGRPs
2±4 (SGRP 1: 30±45%). The di�erent ®ber distribution

in SGRP 1 may be due to a sampling location e�ect.
Di�erences in ®ber distribution along the longitudinal
axis of the bovine ST have been reported with decreasing
glycolytic and increasing oxidative capacity towards the
distal end (Brandstetter, Picard & Geay, 1997). This
di�erence was pronounced in young bulls and steers and
diminished by the age of 16 months (Brandstetter et al.,
1997), which could account for only SGRP 1 showing
a pronounced deviation. The bovine ST muscle is also

Table 3

Percentage of slow-twitch oxidative (SO), fast-twitch oxidative-glycolytic (FOG), and fast-twitch glycolytic (FG) ®bers in Longissimus muscle of

steers, as a�ected by treatment and time on feed (least square meansc)

Postmortem samples Biopsy samples

CON SYN RAL REV CON SYN RAL REV

SO ®bers

SGRP 1 25.8 25.1 23.3 23.7 23.1 26.5 25.0 20.7

SGRP 2 26.4 25.8 24.2 23.6 22.2 27.4 26.8 24.6

SGRP 3 29.1 26.6 23.5 27.3 25.6 26.5 24.5 32.4

SGRP 4 24.4 23.3 24.3 27.8 25.5 24.9 24.5 28.0

FOG ®bers

SGRP 1 26.2abb 25.5a,b 27.6a 25.2 21.7bc 22.6 19.9 22.0ab

SGRP 2 30.5a 27.8a 22.4ba 23.7a 27.7a 25.6 23.8 24.7a

SGRP 3 21.9bc 22.3b 24.9ab 21.8 25.7ab 25.2 20.7* 18.5ba

SGRP 4 21.2c 22.8b 21.0b 22.5 18.3c 22.3 19.5 20.5ab

FG ®bers

SGRP 1 48.0ab 49.5 49.2 51.1 55.2ab 51.1 55.2 57.4a

SGRP 2 43.2b 47.1 53.4a 52.7a 50.2ab 47.1 49.5 50.7ab

SGRP 3 49.0ab 52.0 51.7 50.9 48.7b 48.3 54.8 49.1b

SGRP 4 54.5a 50.6 54.8 49.7 56.3a 52.8 56.0 51.5ab

a Treatment e�ect for implanted vs. control steers (P<0.05) within one SGRP and within either pm or biopsy.
b Time on feed e�ect: values with a di�erent letter within a sub-column di�er from each other (P< 0.05).
c Standard error (overall): SO: 2.4%, FOG: 1.7%, FG: 2.5%.

Fig. 1. Changes in percentage of fast-twitch glycolytic (FG) ®bers in the Longissimus muscle over time on feed as in¯uenced by treatment (CON:

control, SYN: Synovex, RAL: Ralgro, REV: Revalor, SGRP: slaughter group).
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heterogeneous with regard to a histochemically red inner
part and a white outer part showing a parallel increase
in the volume fraction of SO ®bers (10±30%) and a
decrease in the volume fraction of FG ®bers (58±34%)
from super®cial to deep layers (Hunt & Hedrick, 1977).
The values in Table 4 for pm samples of SGRP 2±4
are similar to those for the outer portion of the ST
(12% SO, 21% FOG, 67% FG) whereas the values for
pm ST in SGRP 1 correspond to the ®ber distribution
reported for the inner portion of the ST muscle (36%
SO, 25% FOG, 39% FG, Hunt & Hedrick, 1977). This

heterogeneity obviously overlays the TRT e�ect. A
maximum percentage of FG ®bers was reached in
SGRP 4 of the RAL-treated steers.

3.3. In¯uence of implant treatment and time on feed on
®ber cross-sectional area (CSA)

The cross-sectional areas of SO, FOG, and FG ®bers
are presented in Tables 5 (LM) and 6 (ST). Generally
the ®ber cross-sectional area enlarged with increasing
time on feed which was associated with an increase in

Fig. 2. Changes in percentage of fast-twitch oxidative-glycolytic (FOG) ®bers in the Longissimus muscle over time on feed as in¯uenced by treat-

ment (CON: control, SYN: Synovex, RAL: Ralgro, REV: Revalor, SGRP: slaughter group).

Table 4

Percentage of slow-twitch oxidative (SO), fast-twitch oxidative-glycolytic (FOG), and fast-twitch glycolytic (FG) ®bers in Semitendinosus muscle of

steers, as a�ected by treatment and time on feed (least square meansc)

Postmortem samples Biopsy samples

CON SYN RAL REV CON SYN RAL REV

SO ®bers

SGRP 1 40.5a 32.5aa 37.5a 31.2aa 14.9 16.8 15.3 12.7

SGRP 2 18.6b 23.4b 23.0a 18.0b 11.7 11.8 10.9 14.0

SGRP 3 16.7b 18.5b 22.5b 18.5b 13.5 12.9 12.3 14.0

SGRP 4 21.8b 19.7b 16.6b 16.4b 11.5 14.4 12.7 13.3

FOG ®bers

SGRP 1 31.1 23.5ba 33.8ab 28.6 33.5 33.8 35.3 35.9a

SGRP 2 32.0 26.5ab 31.7ab 29.9 34.5 34.9 34.2 29.0b

SGRP 3 29.3 30.6a 31.8ab 24.6 31.1 35.5 32.2 33.4ab

SGRP 4 27.5 29.4ab 26.5b 30.3 34.5 36.4 36.9 35.5a

FG ®bers

SGRP 1 28.4b 44.0a 28.7c 40.2ba 51.6 49.5 49.4 51.5

SGRP 2 49.4a 50.2 45.4b 52.2a 53.8 53.3 54.9 57.1

SGRP 3 54.0a 50.9 45.7ba 57.0a 55.4 51.6 55.6 52.5

SGRP 4 50.7a 51.0 56.9a 53.4a 54.0 49.2 50.4 51.2

a Treatment e�ect for implanted vs. control steers (P<0.05) within one SGRP and within either pm or biopsy.
b Time on feed e�ect: values with a di�erent letter within a sub-column di�er from each other (P<0.05).
c Standard error (overall): SO: 2.6%, FOG: 2.2%, FG: 2.9%.
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age, weight and number of implants. The enlargement
was most pronounced between SGRP 1 (17 months of
age) and SGRP 3 (21 months of age). Longissimus
muscle area, a carcass merit measurement that re¯ects
lean yield in the US yield grading formula increased
from 66.6 to 80.5 cm2 from SGRP 1 to 3 (Rumsey et al.,
2000). The animals of SGRP 4 were only 2 weeks older
than those of SGRP 3 and did not receive an additional
implant. Cross-sectional areas of SO and FG ®bers
increased in the LM of CON steers from SGRP 1 to 3
followed by a plateau.
Synovex did not a�ect ®ber area compared to CON

steers in any slaughter group, which is in accordance
with the results of Ono et al. (1996) for growing steers
(7±9 months of age). The CSA of all ®ber types
increased in the RAL-treated group from SGRP 1 to 3
and in the REV-treated group continually from SGRP 1
to 4. This resulted in larger SO and FOG cells (P<0.05)
in RAL-treated steers of SGRP 3 and in larger SO and
FOG cells (P<0.01) and slightly larger FG cells
(P=0.11) in REV-treated steers of SGRP 4. Hughes et
al. (1998) similarly detected larger FG ®ber CSA
(P<0.1) in REV-treated steers compared with control
steers. The CSA ®ber results for the implant treatments
are in agreement with the carcass lean accretion data
and longissimus muscle area measurements for these
carcasses reported by Rumsey et al. (2000). Johnson,

Halstead, White, Hathaway, DiCostanzo and Dayton
(1998) reported that muscle tissue from Revalor-S-
implanted steers may produce more IGF-I than non-
implanted steers which in turn may activate and (or)
maintain satellite cells in a proliferative state that would
enhance muscle growth. This may explain the improved
responses seen as a result of Revalor implant treatment
in our present study.
The ST showed a similar response to the growth-pro-

moting implants as the LM with minor di�erences.
Cross-sectional areas of SO ®bers increased only in the
REV-treated group with increasing time on feed (SGRP
1±4). Implantation with REV led to larger SO cells in
SGRPs 3 and 4, RAL achieved larger SO cells in SGRP
3 compared with control steers. CSA of FOG ®bers
increased from SGRP 1 to 3 in all implant groups fol-
lowed by a plateau (or a decrease in the SYN-treated
group). All implant treatments led to signi®cantly larger
FOG cells in SGRP 3. Cross-sectional area of FG ®bers
increased slightly in the CON group (SGRP 1±4), and
was most pronounced in the REV-treated group (SGRP
1±4). Revalor led to larger FG cells in SGRPs 3 and 4
compared to CON steers. In the SYN- and RAL-treated
group, maximum FG areas (signi®cantly larger than in
CON steers) were reached in SGRP 3. The decrease in
®ber area in SGRP 4 may indicate the depletion of the
exogenous hormone supply. Due to a down-regulation

Table 5

Cross-sectional area (mm2) of slow-twitch oxidative (SO), fast-twitch

oxidative-glycolytic (FOG), and fast-twitch glycolytic (FG) ®bers in

Longissimus muscle of steers, as a�ected by treatment and time on feed

(least square meansc)

Postmortem samples

CON SYN RAL REV

SO ®bers

SGRP 1 1810bb 1740b 2190b l470c

SGRP 2 2080ab 2040ab 1990b 2200b

SGRP 3 2470a 2490a 3170aa 2740ab

SGRP 4 2240ab 2370ab 2400b 3240aa

FOG ®bers

SGRP 1 2270 2370 2690ab 1840c

SGRP 2 2610 2790 2390b 2420bc

SGRP 3 2830 2790 3630aa 3120ab

SGRP 4 3030 2940 3010ab 3960aa

FG ®bers

SGRP 1 3550b 3900 4050b 3140c

SGRP 2 4380ab 4440 3940b 4320bc

SGRP 3 4900a 4570 5540a 4870ab

SGRP 4 4810ab 4750 4380ab 5800a

a Treatment e�ect for implanted vs. control steers (P<0.05) within

one SGRP.
b Time on feed e�ect: values with a di�erent letters within a sub-

column di�er from each other (P<0.05).
c Standard error (overall): SO: 230 mm2, FOG: 350 mm2, FG: 480

mm2.

Table 6

Cross-sectional area (mm2) of slow-twitch oxidative (SO), fast-twitch

oxidative-glycolytic (FOG), and fast-twitch glycolytic (FG) ®bers in

Semitendinosus muscle of steers, as a�ected by treatment and time on

feed (least square meansc)

Postmortem samples

CON SYN RAL REV

SO ®bers

SGRP 1 2310 2300 2620 2340bb

SGRP 2 2120 2340 2310 2540b

SGRP 3 2210 2760 2880a 2830aba

SGRP 4 2380 2350 2480 3310a

FOG ®bers

SGRP 1 2910 2470b 3180ab 2460b

SGRP 2 2720 2930b 2700b 3030ab

SGRP 3 2540 3660aa 3610aa 3430aa

SGRP 4 3190 2930b 3030ab 3550a

FG ®bers

SGRP 1 3690b 3800b 4250b 3790c

SGRP 2 4460ab 4640ab 3770b 4630bc

SGRP 3 3850ab 5300aa 5520aa 5370ab

SGRP 4 4710a 4450ab 4370b 5800aa

a Treatment e�ect for implanted vs. control steers (P<0.05) within

one SGRP.
b Time on feed e�ect: values with a di�erent letter within a sub-

column di�er from each other (P<0.05).
c Standard error (overall): SO: 210 mm2, FOG: 250 mm2, FG: 340

mm2.
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of endogenous hormones, ®bers may actually shrink.
Picard, Gagniere, Geay, Hocquette and Robelin (1995)
have shown that ®bers can shrink as a response to phy-
siological signals such as temporary stress at weaning.

3.4. Comparison of biopsy bioptates with post-mortem
samples

The number of countable muscle cells was compar-
able in biopsy and post-mortem samples because biopsy
samples were almost the same size as pm samples. The
biopsy samples were collected 51 days before slaughter
in SGRPs 1, 2 and 3, and 65 days before slaughter in
SGRP 4. Steers of SGRP 2 at the time of biopsy sam-
pling were of the same age as steers of SGRP 1 at the
time of slaughter. Steers of SGRP 3 and 4 were at the
time of biopsy sampling of the same age as steers of
SGRP 2 at slaughter.
The biopsy samples of the LM show a similar ®ber

distribution as the corresponding post-mortem samples
(Table 3). No statistical di�erences (P<0.05) were observed
between biopsy and pm samples of the same animals
(comparisons within SGRP) with two exceptions (SGRP 1/
RAL/FOG and SGRP 1/CON/FG). Furthermore, similar
values were also obtained if ®ber distributions in steers
of the same age were compared (biopsy SGRP 2 vs. pm
SGRP 1, biopsy SGRP 3,4 vs. pm SGRP 2). It can be
concluded that the shot biopsy technique used in the
present study enables the reliable determination of
muscle ®ber distributions in the LM of live steers.
Fiber distribution in ST bioptates was constant

throughout the experiment with 10±15% SO, 30±35%
FOG and 50±55% FG ®bers and did not show the dif-
ferences observed for the pm samples (Table 4). Due to
the heterogeneous observation of the ST, which displays
a region of predominantly red and a region of pre-
dominantly white ®bers, it was too di�cult to compare
biopsy and post-mortem samples in this experiment.

4. Conclusion

Of the three growth-promoting implants used in this
study, only Revalor and Ralgro led to noticeable di�er-
ences in muscle hypertrophic responses (muscle ®ber
size) in ®nishing beef steers. Both Revalor and Ralgro
bu�ered the temporary decrease in FG ®ber percentage
in the LM, thereby also contributing to muscle enlarge-
ment. All three implants had minimal e�ects on muscle
®ber distribution. LM biopsy samples excised from the
live animal during the implant trial of this study proved
to be suitable for the characterization of muscle ®ber
type pro®les. It can be concluded that some growth-
promoting implants result in noticeable di�erences in
muscle hypertrophic responses which coincide with their
di�erent e�ectiveness to enhance lean mass accretion.
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